6. Kawaguti, S., and Baba, K. (1959) . A preliminary note on a two-valved sacoglossan gastropod, Tamanovalva limax, n. gen., n. sp., from Tamano, Japan. Biol. J. Okayama Univ. 5, 177-184. A recent study shows that retinal direction selectivity influences a subset of cells in primary visual cortex which respond to the optic flow associated with forward motion, while other cortical direction selective cells perform this computation independently.
Direction selectivity is a fundamental response property of visual systems, and in visual cortex is described as a canonical computation [1] that emerges from non-direction selective inputs [2, 3] . However, direction selective cells were discovered in the mammalian retina not long after they were observed in visual cortex [4] , raising the question of whether retinal direction selectivity affects the corresponding cortical computation. In a recent paper, Hillier et al. [5] report how they used two mouse models with reduced retinal direction selectivity to demonstrate that retinal direction selectivity indeed influences aspects of cortical direction selectivity. Cortical direction selectivity was thought to be computed independently for several reasons. First, direction selective ganglion cells in the retina had long been assumed to project exclusively to subcortical pathways, where they function to mediate reflexive eye movements [6] . Second, retinal direction selective ganglion cells have preferred directions that cluster along the cardinal axes, whereas cortical direction selective cells have preferred directions along multiple axes ( Figure 1B , top). Finally, measurements in the mouse lateral geniculate nucleus (LGN) found seemingly few direction selective cells [7, 8] , which may be insufficient to fully represent retinal direction selective information in the cortex.
This assumption has been questioned by recent studies of direction selectivity in the mouse, which indicate that retinal direction selective ganglion cells may contribute to cortical direction selectivity. First, the identification of mouse lines in which GFP is expressed in subtypes of retinal direction selective ganglion cells revealed that different direction selective ganglion cell subtypes project to different lamina in the LGN [9] . Second, virus tracing found a disynaptic relay through the LGN from direction selective ganglion cells to cortex [10] . Lastly, population imaging of thalamocortical afferents [10] [11] [12] revealed direction selective tuning of some inputs to cortex. These studies further revealed that the preferred direction of direction selective inputs to cortex were biased along the same cardinal directions as in the retina ( Figure 1B) , with more inputs preferring motion in horizontal directions compared to vertical. The biases observed in thalamocortical inputs were propagated to cortical cells [11] [12] [13] where layer 2/3 cells had the broadest distribution of preferred directions [11, 13] .
To test directly how retinal direction selectivity influences cortical direction selectivity requires blocking retinal direction selectivity and measuring the impact on cortical tuning. Fortunately, a coherent model of retinal direction selectivity has emerged over the last two decades in which direction selective ganglion cells receive asymmetric inhibitory input from starburst amacrine cells. Thus, a significant reduction in retinal direction selectivity occurs after ablating, reversibly silencing or preventing GABA release from starburst cells, because direction selective ganglion cells respond equally to stimulation in all directions (reviewed in [14] ; Figure 1B , left). The validity of these approaches was demonstrated by a recent study [15] that used a starburst manipulation to abolish retinal direction selectivity and found a significant reduction in the number of superior colliculus neurons displaying directional tuning. Because many of the ON-OFF direction selective ganglion cells that project to the superior colliculus also project to the LGN [16] , there may be a strong contribution from direction selective ganglion cells to the directional tuning observed in the LGN.
To begin to assess retinal contributions to cortical direction selectivity, Hillier et al. [5] first characterized the direction selectivity of a large population of layer 2/3 neurons in primary visual cortex using two-photon calcium imaging. They observed a bias in the distribution of preferred directions for horizontal motion, albeit with a much larger posterior motion bias than was previously reported [11, 13] ( Figure 1B, top) . This difference may be the result of using a stimulus speed that was twice that used in previous studies, as the authors also showed that the percent of posterior preferring cortical cells increases with increasing stimulus velocity. This is consistent with the subset of retinal direction selective ganglion cells which project to the dorsal LGN, which increase their peak firing rate with increasing stimulus speed [9] .
Hillier et al. [5] then used two unique strategies to manipulate retinal direction selectivity without directly affecting cortical cells. The first was to ablate starburst cells in the retina in vivo using cell-specific diphtheria toxin receptor expression. The second was to use a new mouse model (FMRD7 -/-) that the group had previously shown to lack horizontal, but not vertical, direction selectivity in the retina [17] . FRMD7 is expressed in starburst cells, but not in the thalamus or visual cortex. Importantly, both of these manipulations reduced direction selectivity via an increase in null direction firing of direction selective ganglion cells ( Figure 1B, left) , and therefore allowed the authors to test specifically the contribution of retinal direction selectivity, rather than overall direction selective ganglion cell activity, to cortical computations.
With both of these mouse models, Hillier et al. [5] observed a striking difference in the preferred orientations of layer 2/3 neurons. Specifically, the large bias towards posterior motion preferences in cortical cells of wild-type mice disappeared and was replaced by a slight bias for dorsal motion preferences. Note, this same phenotype was observed whether the mouse lacked only horizontal preferring direction selective ganglion cells (FRMD7 -/-) or all direction selective ganglion cells (starburst ablation) ( Figure 1B) . Hence, only horizontal preferring direction selective ganglion cells appear to influence cortical direction selectivity, and more specifically, retinal direction selectivity preferentially contributes to posterior motion preference in cortex.
One curious aspect of these results is that the loss of retinal direction selectivity did not reduce the overall number of direction selective cells in layer 2/3. Therefore, either the V1 neurons that previously preferred posterior motion switched their preferred direction, or V1 neurons that were not previously direction selective acquired directional tuning. In both these scenarios, the tuning properties of a given V1 neuron could be influenced by retino-geniculate inputs from direction selective ganglion cells with different preferred directions. This sort of multiplexing was observed in a previous study from the Roska lab [18] , where they demonstrated that direction selective layer 2/3 V1 neurons have either presynaptic neurons that all prefer the same direction (featurelocked), or presynaptic neurons that prefer different directions by cortical layer (feature-variant). It will be interesting to determine whether the posterior preferring subset of layer 2/3 neurons that depend upon retinal direction selectivity belong to the feature locked or variant groups.
How might this greater representation of posterior preferences appear during development? One possibility is that activity-dependent processes instructed by visual experience may lead to this bias in posterior motion, which corresponds to the optic flow produced by forward body motion of animals with laterally placed eyes. Indeed, a recent survey of DSGCs across the mouse retina indicates an over-representation of cells preferring such optic flow [19] . Hence, Hillier et al. [5] postulate that the greater representation of cells preferring posterior motion in mouse visual cortex is consistent with the idea that processing in the visual system matches the statistics in the natural scene. In support of this model, the slight dorsal motion bias observed in the cortex of starburst deleted and FRMD7 -/-mice is reminiscent of the distribution of cortical preferred directions observed at eye opening [13] , a time when retinal preferred directions also have not yet clustered into their mature form via a process that requires visual experience [20] . Indeed, suppressing activity via expression of the potassium channel Kir2.1 in the cortex prevents the refinement to overrepresentations of posterior motion preference [13] .
However, visual experience is unlikely to entirely account for the observed cortical posterior preference. In dark reared mice, cortical preferred direction distributions were the same as in normally reared counterparts [13, 19] (although retinal preferred directions remain unclustered [20] ). Furthermore, if the visual system is wiring purely to match the visual scene, then in FRMD7 -/-mice, which lack posterior preferring direction selective ganglion cells from birth, one would expect the cortex to compensate by increasing the number of cells that generate a posterior preference within the cortex itself. These results hint at the possibility that a subpopulation of posterior preferring cortical cells attains its direction selectivity because they are 'hard-wired' to receive synaptic inputs primarily from a posterior preferring direction selective ganglion cell to LGN pathway. Future experiments analysing retinal contributions to cortical direction selectivity via reversible manipulations or longitudinal studies will be required to Male moths compete to arrive first at a female releasing pheromone. A new study reveals that additional pheromone cues released only by younger females may prompt males to avoid them in favor of older but more fecund females.
In the late 1800s, French naturalist and entomologist Jean-Henri Fabr e observed that a caged female Giant Peacock moth, left at his study window on a late spring night, attracted ''forty lovers eager to do homage to the maiden princess'' [1] . Over the next couple of years, Fabr e conducted some simple experiments resulting in many insightful observations of moth biology and came to the conclusion that the conversation between the sexes of the Giant Peacock was olfactory in nature. It was over 50 years later that the chemical identity of the first sexual attractant was, as it happens, described from a moth [2] and separately the term 'pheromone' was conceived of to mean a chemical used for communication between individuals of the same species [3] . Moths are indeed masters of olfactory
